The rice grains (RG) and rice seed proteins remaining in rice miso were investigated with a view point to the potential allergenicity of rice miso. RG ranging from 36 to 180 mg dry weight per g dry miso were separated from several samples of commercially available rice miso. Scanning electron microscopy of the recovered RG indicated that starch granules disappeared almost completely while protein bodies remained intact in RG. Most of the major seed proteins were extracted from RG by heating with 1% SDS/2% 2-mercaptoethanol and detected by SDS-polyacrylamide gel electrophoresis. Major rice allergenic proteins, 14-16 kDa albumin (Alb14-16) and -globulin (-Glb) were also detected by immunoblotting using the specific antisera, and their contents were estimated to be 1.7 to 9.0 and 1 to 7 mg protein per g dry RG respectively. However, the major rice proteins, including glutelin and prolamin, in RG were insoluble in salt, alcohol, and urea solutions, but soluble in 6 M guanidine hydrochloride (Gu-HCl). By immunoblotting and ELISA, no Alb14-16 and only a slight amount of -Glb were detected even in the 6 M Gu-HCl fraction, indicating that these major allergenic proteins are denatured and are present in an insoluble form in rice miso.
Miso (fermented soybean paste) is one of the most important fermented seasonings in Japan and other Asian countries. Miso is classified into three types, rice miso, soybean miso and barely miso. 1) Rice miso comprises about 80% of recent miso production in Japan. Rice miso is prepared as follows: [2] [3] [4] steaming of rice grains; koji fermentation which is a process of growing koji-mold, usually Aspergillus (Asp.) oryzae around steamed rice grains; shikomi which is a process of mixing rice koji with boiled soybeans, sodium chloride, and water; and aging for 2 weeks to several months, and sometimes over one year. During aging, soybean proteins and rice proteins are decomposed by the proteases produced by Asp. oryzae into small peptides and free amino acids which form a favorable flavor as miso. Soybean proteins are rapidly decomposed during aging of miso, and well-aged miso has been considered to be hypoallergenic for soybean-allergic patients. 5) Ogawa et al. have been studying on soybean allergens and hypoallergenic soybean products in detail. [6] [7] [8] [9] [10] [11] They found that neither Gly m Bd 30K nor Gly m Bd 28K, major allergenic soybean proteins, were detected in fermented soybean products, such as miso, soy sauce, and natto. 5) We reported that most of the soybean proteins in soybean miso disappeared with 4 weeks aging. 12) On the other hand, there are few reports concerning rice seed proteins in rice miso except for one by Nikkuni et al. 13) They reported that several rice proteins were observed in the water-insoluble fraction of the rice miso and that especially the 22-23 kDa glutelin subunit was hardly decomposed by koji enzymes during miso fermentation. Indeed, one can find certain amounts of rice grains (RG) in the commercially available rice miso. These facts suggest that rice miso might contain proteins causing food allergy in patients hypersensitive to rice.
Shibasaki et al. 14) first reported that a globulin fraction of rice seed proteins showed a high degree of allergenicity. Matsuda et al. 15, 16) isolated rice 16-kDa albumin (Alb16) with IgE binding activity, and Urisu et al. 17) confirmed that Alb16 is a major rice allergen. Nakase et al. 18) reported that six homologous proteins with molecular masses of 14-16 kDa in the albumin fraction also reacted with IgE from allergic patients. On the other hand, Limas et al. 19) reported -globulin (26 kDa, -Glb) as one of the major rice allergens.
Allergenicity of proteins generally decreased and often disappeared after enzymatic decomposition, 20) y To whom correspondence should be addressed. Fax: +81-52-532-5791; E-mail: tak-kato@mb.aichi-inst.jp denaturation and insolubilization 21) of the proteins. Since rice miso is prepared through both heat and enzymatic treatments, [2] [3] [4] one would expect that its allergenicity originating from rice proteins is small. But it is important to clarify the presence or absence of rice allergens in rice miso, because miso is used not only in daily cooking but also in many kinds of processed foods as seasonings and hence it is difficult strictly to remove miso from the Japanese diet. In the present study, we investigated rice seed proteins including Alb16 andGlb remaining in rice grains recovered from commercially available rice miso. Considerable amounts of the rice grains were separated from all of the rice miso samples tested, and they still contained rice seed proteins, but these rice proteins including the allergens remaining in rice miso were found to be insoluble under physiological solutions. Taken together with our present and the other previous data, the allergenic potential of well-aged rice miso is discussed.
Materials and Methods
Rice and rice miso. Commercially available polished rice, Oryza. sativa. L. Japonica cv Koshihikari, newly harvested was used as a control. The three kinds (salty red, light yellow, and sweet white) of commercially available rice miso without homogenization were used as rice miso samples (Table 1) . Miso samples nos. 1, 4, and 6 are the most popular ones in Japan and are called ''salty red miso''. Samples nos. 2, 5, and 7 are also popular ones called ''light yellow miso'' which are usually made with more rice koji than is salty red miso. These two types of miso contain 11 to 13% (w/w) NaCl and are usually aged for several months, and sometimes for one year at room temperature. Sample no. 3 is called ''sweet white miso'' which is made with a large amount of rice koji, and contained 5 to 7% NaCl and aged within 2 weeks at about 50 C. A part of each rice miso sample and rice grains were freeze-dried and powdered before analysis.
Separation of rice grains from rice miso. Ten grams of intact rice miso were suspended in 200 ml of distilled water and filtered with a stainless steel net (0:5 Â 0:5 mm mesh). The rice grains remaining on the net were gently washed with distilled water, recovered, freezedried, and powdered. These rice grains recovered from rice miso were designated RG (Rice Grains).
Preparation of an albumin/globulin-fraction from rice miso. Five grams of intact rice miso were homogenized with a stomacher (400T, Seward, England) in 5 ml of distilled water, mixed with 40 ml of 1 M NaCl, shaken for 3 h at room temperature, and centrifuged (16;000 Â g, 10 min, twice). Then the supernatant was dialyzed against distilled water at 5 C for 3 d, freeze-dried, and suspended in 250 ml of distilled water. This salt soluble fraction was designated an Alb/Glbfraction.
Extraction of proteins from RG. One gram of the powdered RG was suspended in 20 ml each of distilled water, 1 M NaCl, 70% (v/v) ethanol (Et-OH), 0.1 M NaOH, 6 M urea, 6 M guanidine HCl (Gu-HCl), 3% (w/v) 2-mercaptoethanol (ME), and 1% (w/v) sodium dodecyl sulfate (SDS). Then each homogenate was gently shaken at room temperature overnight and centrifuged (16;000 Â g, 10 min). The supernatant from the 0.1 M NaOH extract was neutralized to pH 7.0 with 0.1 M HCl prior to dialysis, and the others were directly dialyzed against distilled water at 5 C for 3 d. Then the dialysate was freeze-dried and suspended in 200 ml of distilled water before use.
Protein content. Total nitrogen was measured by the microkjeldal method, 22) and total protein contents were calculated by multiplying the total nitrogen values by 5.95 (the nitrogen/protein factor for rice grain). 23) Soluble protein contents were measured by the method of Lowry et al., 24) using bovine serum albumin (BSA, Sigma, St. Louis, MO, U.S.A.) as a standard proteins.
Electrophoresis and immunoblotting. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was done as described by Laemmli, 25) using 15% polyacrylamide slab gels. A molecular weight marker kit (Bio-Rad, Boston, MA. U.S.A.) was used as the standard proteins. After electrophoresis, some of the gels were stained with Coomassie brilliant blue R-250 (CBB). The other gels were used for electroblotting onto a polyvinylidene difluoride (PVDF) membrane (Bio-Rad) at 15 V for 30 min in Towbin buffer. 26) After blotting, the PVDF membrane was soaked in Tris-HCl buffered saline (TBS, 20 mM Tris-HCl, 150 mM NaCl, pH 7.5) containing 3% (w/v) BSA at 5 C overnight, and then incubated with mouse antiserum as a primary antibody. The mouse antisera to Alb16 27) and to -Glb 27) were diluted appropriately with TBS containing 1% BSA and incubated at 37 C for 2 h. A preimmune mouse serum was also used as a negative control. Then the membrane was washed three times with TBS containing 0.05% (w/v) Tween-20 (TBST) and incubated with goat anti-mouse IgG gold conjugate (BioRad, Hercules, CA, U.S.A.) at room temperature overnight.
Estimation of albumin and -Globulin content. Five milligrams (dry weight) of RG was suspended in 3 ml of Laemmli's sample buffer for SDS-PAGE, heated in boiling water for 5 min and centrifuged. Ten microliters of the supernatant were applied to SDS-PAGE and immunoblotting. Purified Alb16 and -Glb (1.0 mg/ 10 ml) were also applied as standard proteins. The staining intensity of each protein band on the PVDF membrane was estimated based on the staining intensity of each band obtained by scanning each lane of the immunostained membrane with a densitometer (AE-6920E, Atto, Tokyo, Japan).
Enzyme-linked immunosorbent assay (ELISA). After extraction with 6 M Gu-HCl, dialysis, and freeze-drying as described above, the protein was dissolved in 0.1 M carbonate buffer (0.08 M Na 2 CO 3 , 0.12 M NaHCO 3 , pH 9.6), and used as a sample solution. Then 100 ml of the protein solution (7.0 to 7,000 mg/ml) was added to wells of flat-bottom microtiter plates (Nunc, Roskilde, Denmark), incubated at 5 C overnight, and washed with TBST and TBST containing 1% (w/v) BSA. The microtiter plate was incubated with the diluted antiserum to Alb16 or to -Glb at 37 C for 2 h. After washing with TBST 3 times, antibodies that reacted with the proteins were determined, using peroxidase-coupled anti-mouse IgG (goat, GIBCO BRL, Gaithersburg, MD, U.S.A.) with o-phenylenediamine as enzyme substrate. An optical density at 492 nm was measured for each well.
Scanning electron microscopy. Intact rice grains and RG recovered from rice miso were gently washed with distilled water, cut into about 2 mm thickness with a razor, fixed with 1.0% (w/v) paraformaldehyde/2.0% (v/v) glutaraldehyde/0.1 M phosphate buffer (pH 7.2), refixed with 1.0% (w/v) osumium tetraoxide, dehydrated with a graded series of ethanol, and critical-paintdried in CO 2 as described previously. 27) Then the specimen was fractured with a razor, ion-spatter-coated with platinum/palladium, and observed with a scanning electron microscope (JSM-820, Japan Electron Optics Laboratory, Tokyo, Japan) operating at an accelerating voltage of 10 kV.
Results and Discussion
Microstructure and protein component of rice grains recovered from rice miso RG was easily separated from rice miso by passing the other materials through a stainless steel net. Table 1 shows RG amounts recovered from various kinds of rice miso. RG amounts differed considerably in the various rice miso samples tested. The salty red miso and light yellow miso except for no. 7 contained RG ranging from 36 to 89 mg/g. The sweet white miso (No. 3) contained more RG (184 mg/g) than the salty red miso samples. The protein content of RG exceeded 240 mg/g except for nos. 2 and 3. Since intact dried rice grain contains about 80 mg/g of protein much less than RG, it appears that the starch in RG is enzymatically decomposed more easily than proteins during the aging of miso. On the other hand, RG in no. 3 (sweet white miso) contained no more than 80 mg/g of protein, suggesting that the enzymatic decomposition of starch occurred insufficiently, probably because of its very short aging period. Figure 1 shows the typical microstructure of RG (no. 1 in Table 1 ) and an intact rice grain. The endosperm of the intact rice grain is tightly packed with compound starch granules, each of which consists of many single starch granules. Protein bodies, shown by an arrow, were observed in the space among the compound starch granules (Fig. 1A) . In the picture of RG, on the other hand, the gelatinized starch granules, some of which are considerably decomposed, are observed (Fig. 1B) . Small particles shown by an arrow and membranous substances were also observed in the RG (Fig. 1C) . The small particles resembling protein bodies in shape and size, 28) which have a role in the deposit of glutelin and prolamin in starchy endosperm, appeared to localize in the space among the decomposed starch granules. A membranous substance, which might be the cell wall substance of the endosperm cells, was also observed. Almost the same results were obtained in the other RG samples except for no. 3, in which many gelatinized starch granules remained (data not shown).
When rice miso samples were directly applied to SDS-PAGE, many protein bands were detected in the CBB-stained gel, but it was difficult to analyze the proteins in rice miso in detail, because of the obscure and strong staining intensity in the low-molecular-mass region (data not shown). Therefore, RG were isolated from the miso and their proteins were analyzed. Figure 2 shows SDS-PAGE patterns of RG (lanes 1 to 7) . The electrophoretic patterns of RG resembled that of intact rice grains (lane 8). The proteins, shown by arrows, were estimated to be rice seed major proteins such as glutelin (acidic polypeptides, 37-39 kDa and basic polypeptides, 22-23 kDa), -globulin (26 kDa), 16 kDa albumin and prolamin (13 kDa). The protein bands of no. 3 (lane 3) were relatively weak in staining intensity, because of its low protein content ( Table 1) . The presence of a large amount of glutelin and prolamin suggested that the small particles observed in Fig. 1C were protein bodies. On the other hand, typical soybean proteins such as 7S-globulin (57 and 43 kDa) and 11S-globulin (22-23 and 37 kDa) were not be detected in RG (lanes 1-7) , or soybean miso (lane 9). We reported previously that soybean proteins disappeared almost completely from the laboratory-scale preparations of soybean miso and rice miso after 4 weeks aging. 12, 29) On the basis of these results, we concluded that rice seed proteins partially remained in commercially available rice miso.
Alb14-16 and -Glb remaining in rice grains
In order to confirm the presence of major rice allergenic proteins, immunoblotting of RG was done using the antisera raised against Alb16 and -Glb. Figure 3 shows typical blots, in which Alb14-16 and -
Fig. 2. SDS-PAGE Patterns of the Proteins in RG.
Total proteins extracted from 0.15 mg of dried RG, intact rice, and 2.5 mg of dried soybean miso were applied to SDS-PAGE. Lanes 1 to 7 are RG samples prepared from the rice miso samples nos. 1 to 7 (Table 1) respectively. Intact rice grains (lane 8) and soybean miso (lane 9) were also analyzed for comparison. Glb were clearly detected ( Fig. 3A and Fig. 3B, lanes 1-4) . These two proteins were also detected in the other preparations of RG (data not shown). Table 2 shows the Alb14-16 and -Glb contents of RG as estimated by the densitometeric analysis of the immunostained membrane shown in Fig. 3 . Alb14-16 content was estimated to be 1.7 to 9 mg per gram of dried RG and this value corresponds to 300 to 800 mg of Alb14-16 per gram of dry miso. -Glb content was about 1 to 7 mg per gram of dried RG, corresponding to 200 to 450 mg of -Glb per gram of dry miso. On the other hand, the content of Alb14-16 and -Glb in intact rice grains was estimated to be 1.3 to 1.7 mg per gram of dry rice grain and 700 to 820 mg per gram of dry rice grain respectively.
Solubility of proteins remaining in the rice grain pieces
It is known that proteins reduce in or lose their allergenicity by denaturation or enzymatic decomposition. Urisu et al. 21) found that sufficiently heated and washed egg white, which consisted of aggregated insoluble egg white proteins, almost completely lost clinically relevant allergenicity. This study strongly suggests that aggregation and insolublization formed by heat-induced denaturation markedly reduce the allergenic potentials of food proteins. Since rice miso is prepared through several processing steps including heating, koji fermentation under the drying condition, and aging under very high salt concentrations, it is presumed that rice proteins are markedly denatured and insolubilized. So we examined solubility of the proteins remaining in RG.
The proteins in RG (no. 2 in Table 1 ) were extracted sequentially with distilled water for albumin, 1 M NaCl for globulin, 70% ethanol for prolamin, and 0.1 M NaOH for glutelin, and assayed by SDS-PAGE. No protein bands were detected in the extracts with distilled water, NaCl or ethanol solutions (Fig. 4, lanes 1-3) . Even when the 20 times concentrated sample solutions, corresponding to the proteins from 1 mg of RG per well, were applied to SDS-PAGE, no apparent protein bands were detected in these fractions (data not shown). On the other hand, the protein bands corresponding to basic and acidic polypeptides of glutelin, shown by arrows, were observed in the NaOH extract (lane 4). These results suggests that albumin, globulin and prolamin are present in insoluble form in RG. Figure 4 also shows the electrophoretogram of the proteins extracted with several solutions containing denaturing, reducing, and surface-active agents. Many Protein content was estimated by densitometric scanning of the protein bands in lanes 1 to 4 of the immunostained membrane shown in Fig. 3 . Each value represents the mean AE S.D. obtained from five independent immunoblotting and densitometric analyses. Definite amounts of purified Alb16 and -Glb were used as standard proteins. a The numbers of rice miso samples are those shown in Table 1 .
Fig. 4. SDS-PAGE Patterns of the Proteins Extracted from RG with Several Denaturing Reagents.
After RG of no. 2 was suspended and homogenized in each reagent, the extracts were separated and dialyzed against distilled water, and freeze-dried. The dried samples were dissolved in the SDS-PAGE sample buffer and applied to SDS-PAGE. The proteins were extracted from RG sequentially with distilled water (lane 1), 1 M NaCl (lane 2), 70% Et-OH (lane 3), and 0.1 N NaOH (lane 4). The regents for extraction were 6 M Urea (lane 5), 6 M Gu-HCl (lane 6), 5% 2-ME (lane 7), and 1% SDS (lane 8). Total proteins extracted from intact rice grains with the SDS-PAGE sample buffer were also applied for comparison (lane 9).
protein bands with strong staining intensity were detected in the 6 M Gu-HCl-extract (lane 6). Most of the proteins in RG appeared to be dissolved in this reagent as judged by comparing the protein bands with those of the electrophoretogram of the SDS-2ME-extract from intact rice grains (lane 9). In 6 M Urea-extract (lane 5), several smear protein bands with molecular masses of less than 30 kDa were detected, and no apparent protein band was detected in the 5% 2-ME or even in the 1% SDS-extracts (lane 7 and 8). The same results were obtained in the other RG (nos. 1, 3, 5 and 6 in Table 1 ) (data not shown).
Solubility of Alb14-16 and -Glb remaining in the rice grains
The presence of Alb14-16 and -Glb in the 6 M GuHCl fraction was assayed by immunoblotting and ELISA using the specific antibodies. No band reactive with the anti-Alb16-antibody and only a very weak 26 kDa band reactive with anti--Glb-antibody were detected by immunoblotting (Fig. 5) . Furthermore, no reaction with anti-Alb16-antibody and a weak reaction with anti--Glb-antibody were also detected by ELISA (data not shown). These facts indicate that even in 6 M Gu-HCl, Alb14-16 is insoluble and -Glb is only slightly soluble.
In order to confirm the absence of soluble Alb14-16 and -Glb in rice miso, the Alb/Glb-fraction was extracted with 1 M NaCl directly from rice miso of nos. 1, 3, 5 and 6. When 50 ml of the sample solution, corresponding to 1.0 g of intact rice miso per well, was applied to SDS-PAGE, several protein bands were detected but the protein band corresponding to Alb16 and -Glb was not detected in the CBB-stained gel (data not shown). Furthermore, Alb14-16 and Glb were not detected by immunoblotting (data not shown). Assuming that the detection limit of CBB R-250 staining is 0.1 mg protein/band, it was estimated that 1 g of rice miso contains less than 0.1 mg of Alb14-16 or -Glb in soluble forms. Since a cup of miso soup (200 ml) usually contains about 20 g of rice miso, the content of soluble Alb-16 and -Glb was estimated to be less than 2.0 mg per cup. Therefore, the soluble Alb14-16 and -Glb remaining in the miso-soup is considered to be very small in amount.
Allergenic potential of rice miso Soybean is one of the major allergenic foods and its allergenicity is known to reside mainly in the protein fraction, especially the 7S-globulin fraction.
6) Heatdenaturated soybean proteins can easily be decomposed by a protease, 30) and Nikkuni et al. 31) reported that most of the soybean proteins in rice miso, except for a small amount of insoluble fraction, were decomposed by koji enzymes at early stages of aging. Ogawa et al. 5) reported that major allergenic soybean proteins such as Gly m Bd 28k and Gly m Bd 30k in rice miso were decomposed within three months of aging. We also reported the disappearance of soybean proteins from soybean miso within one month of aging. 12) In the present study, no apparent protein bands were detected in soybean miso (Fig. 2, lane 9) . Taken together, the well-aged rice miso is considered to be potentially hypoallergenic for both rice-and soybean-sensitive patients.
Although Alb14-16 and -Glb are originally soluble in water or salt solution, these proteins in rice miso were thoroughly insoluble except in 6 M Gu-HCl (Fig. 4) . We have some speculations as to the reason the rice proteins became markedly insoluble during miso processing. At the first step, rice grains are soaked in water, and then steamed. During the steaming process, the water content of the rice grains is regulated at 36 to 38% (w/w) for the next koji fermentation. 1) On the other hand, the water content of boiled rice grains is usually about 60% (w/ w). Heat-induced denaturation under lower water content, that is, at higher protein concentrations, might accelerate protein aggregation and insolubilization. It appears likely that rice proteins are denatured and polymerized through intermolecular interactions, including inter molecular disulfide cross-linking, under conditions with insufficient water content during steaming. At the koji fermentation step, the water content of rice grains (rice koji) further decreased to 26 to 28% (w/w). In order to confirm insolublization of proteins during koji fermentation, the proteins were extracted with 1% SDS from the rice grains before and after koji fermentation and assayed by SDS-PAGE (Fig. 6) . Clear protein bands were detected in the extracts from intact rice grains (lane 1) and steamed rice grains (lane 2). On the other hand, faint protein bands were detected in the extract from rice koji (lane 3). The drying condition during koji fermentation might promote aggregation and insolubilization of proteins. Further study is necessary to elucidate how rice proteins become insoluble during the miso processing.
In the present study, we found that well-aged rice miso is potentially hypoallergenic. However, since various kinds of rice miso have been produced using different ingredients, microorganisms, manufacturing processes, aging conditions etc. in Japan and other Asian countries, there is a possibility that a small or a trace amount of allergens remains in the miso, especially in those with very short aging periods. Ogawa et al. 5) postulated that more than 3 months of aging is preferred to remove various allergens from rice miso. To shorten the aging period required for decomposition of rice proteins in rice miso, studies of the utilization of lactic acid fermentation and proteolytic enzymes is now in progress in our laboratory. C for 48 h. All rice samples were homogenized with 1% SDS solutions and incubated at room temperature overnight. After centrifugation, the supernatant solutions were mixed with the SDS-PAGE sample buffer (2x). Then SDS-PAGE was done using 15% polyacrylamide slab gels.
